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A lthough modern cataract surgery is considered safe, complications can occur. given that it is one of the most commonly performed surgical procedures in the world, 1 even a minor improvement in terms of decreasing the incidence of complications or the time required to recover visual acuity would represent a significant improvement.
currently, the most common cataract procedure in higher income countries is standard ultrasound phacoemulsification cataract surgery that uses a technology that was first implemented over 40 years ago. some of the complications seen with this method are due to the heat it produces, especially in the corneal tunnel. 2, 3 twenty years ago, methods based on laser energy were introduced. 4 this technology has evolved, and the first use of the current technology was reported in 1998 by Kanellopoulos et al 5 (1999) in 100 consecutive patients. a Q-switched neodymium: yag (nd:yag) laser was used to produce a 12-nanosecond pulse that reached the handpiece tip through a quartz fiber optic. Here the pulse was focused on a titanium target producing a shock wave that progresses from the tip in a cone-like fashion 4 through a lateral opening. this shock wave was capable of disturbing and emulsifying the cataract material, permitting aspiration through the same opening. theoretically, this method should be more efficient with increasing cataract density. unfortunately, this has not been the case, mainly due to problems in grabbing or "purchasing" fragments and holding them in a position near the opening of the handpiece.
the lens opacities classification system iii (locs iii) is a cataract grading system based on a slit-lamp evaluation of nuclear color and nuclear opalescence. Prior implementations of nanolaser systems presented a major limitation in that they were not efficient in cataracts with a locs iii grade of more than 3.
the latest modification introduced to the handpiece of the cetus nanolaser system (arc laser, nürnberg, germany) was a decrease of the quartz fiber optic diameter from 32 μm to 270 μm while maintaining an inner bore of 720 μm and the outer bore of 1000 μm (Fig. 1 ). This modification, in combination with the use of a centurion Vision system (alcon, Fort Worth, tX), has greatly improved its holding characteristics.
the aim of this case series was to present the first 17 consecutive patients with a cataract classified as harder than locs iii grade 3 who underwent cataract surgery using the combination of the cetus nanolaser system with the redesigned handpiece and the centurion Vision system. materials and methods this prospective study included the first 17 consecutive patients ( Fig. 2) with age-related cataract, primary hyperopia, or hyperopic astigmatism who presented a normal ophthalmologic examination except senile cataract and reported unsatisfactory correction with spectacles who underwent cataract surgery after the introduction of the newest modified handpiece. Written informed consent was obtained from all patients before surgery, and the study adhered to the tenants of the declaration of Helsinki.
Preoperative and postoperative evaluations included uncorrected visual acuity for distance (snellen chart) and for near at 33 cm (near reading chart, Presby corp), best corrected visual acuity, spherical equivalent, slit-lamp biomicroscopy, applanation tonometry, fundus examination, B-scan biometry, and corneal topography.
topography was performed in all patients at presentation using the Eyesys unit (version 3.03, Eyesys technologies). the corneal endothelial cell count was also recorded at presentation in all eyes with a noncontact specular microscope (noncon robo, Konan Medical). the visual acuity measurements were recorded as logarithm of the minimum angle of resolution (logMar) values.
surgical Procedure all surgeries were performed by a single surgeon (g.s.) using a standardized bimanual cataract extraction procedure.
after administration of a topical anesthesia (lidocaine 2% gel), a 2.2-mm self-sealing temporal clear corneal incision (cci) was created on the steepest corneal meridian to reduce preoperative corneal astigmatism. similarly, a 0.9-mm clear corneal incision was placed between the 9-and 12-o'clock positions for insertion of the irrigation probe. sodium hyaluronate 3.0%-chondroitin sulfate 4.0% (Viscoat) was used to re-form and stabilize the surgical planes and protect the endothelium. a continuous curvilinear capsulorhexis with a diameter of 5.00 to 5.25 mm was created with a 26-gauge needle. Hydrodissection was performed with balanced salt solution. a centurion Vision system (alcon, Fort Worth, tX) was used with the parameters indicated in table 1 in conjunction with the cetus nanolaser system (arc laser, nürnberg, germany). Both probes were then passed through the 2 corneal incisions into the anterior chamber, and the anterior central epinucleus and cortex were aspirated. the next step involved central epinuclear disassembly with laser pulses, initiated by the surgeon via a foot pedal. simultaneously, the surgeon controlled irrigation/aspiration. direct contact of the laser aspiration probe with the lens material was necessary for effective fragmentation. the lens material was "purchased" with the probe using a vacuum, followed by the application of laser energy using the foot pedal while contact was maintained. Brisk aspiration subsequently removed the fragmented debris. thus, the probe opening was cleared for the next sequence of touch-pulse-aspirate. the optimal probe position Figure 1 . The diameter of the quartz fiber optic that carries the nanolaser pulse to the tip was reduced from 320 μm (A) to 270 μm (B), thus increasing the luminal cross-sectional area dedicated to aspiration. This greatly improved the grabbing and holding potential of the newest handpieces, yielding results similar to those obtained with ultrasound phacoemulsification. throughout the photolysis sequence was with the opening facing posteriorly away from the corneal endothelium. this technique offered maximal fragmentation and minimal endothelial surface exposure to released energy. after removal of the nucleus, the residual epinucleus and cortex were removed either by "cracking" the residual cataract "bowl" with the use of the 2 probes in a bimanual fashion or by prechopping the residual cataract with 2 choppers, followed by photolysis of the residual cataract. on completion of nuclear and epinuclear removal, the residual cortical matter was removed via a bimanual or unimanual technique.
after completion of cataract removal and cortical cleanup, intraocular lens (iol) implantation was performed through the 2.2-mm cci in the capsular bag. all patients received preloaded foldable iols.
the patients did not receive postoperative antibiotic or corticosteroid injections. the postoperative care regimen included a topical fluoroquinolone used 4 times per day for 3 weeks and topical 1% prednisolone acetate used 4 times per day for 4 weeks as postoperative inflammation and infection prophylaxis after clear corneal cataract extraction.
the number of procedures that required conversion to ultrasound phacoemulsification was determined. it was compared with an expected result of all procedures requiring conversion, as was the case before the current handpieces, by using Fisher exact test. Medcalc (Version 15.8; Medcalc software bvba, Belgium) was used to perform all statistical analysis and P < 0.05 was considered statistically significant. results the patients ranged in age from 59 to 90 years old. nine patients were men and 8 were women. six right and 11 left eyes were operated. the patients presented the following locs iii grades: 1 grade 3+/4, 11 grade 4, and 5 grade 5 (table 2, Fig. 2 ).
all surgical procedures were uneventful, with a total amount of energy required for completion ranging from 5 to 9 J. immediate postoperative periods before discharge were also uneventful. despite rigorous attempts to contact all patients, 3 were lost to postoperative follow-up.
Based on the results obtained with previous nanolaser handpieces in patients with cataract classified as harder than locs iii grade 3, none of the procedures were expected to be successfully completed with nanolaser alone. the results obtained (ie, all 17 successfully completed with nanolaser alone) indicated a highly significant (P < 0.000001; Fisher exact test) improvement in the efficacy of nanolaser cataract surgery for removing high-grade cataracts.
all patients in whom a retinal pathology was excluded obtained a significant improvement in best uncorrected distant vision within 5 to 15 days (table 2) . complications were not reported during the follow-up periods. disCussion in this case series, the aim was to evaluate the efficacy of the combination of the cetus nanolaser system with the redesigned handpiece and the centurion Vision system in the first 17 consecutive patients with a cataract classified as harder than locs iii grade 3.
the novel combination of a nanolaser and a fluidics system
Nanosecond Laser in LOCS III Grade 4 and 5
Copyright © 2017 Asia-Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited. used in this study not only yielded smoother overall fluidics, minimizing iris movements or pupil modification, but also resulted in a notable improvement in cutting efficiency. the followability and management of nuclear material were also substantially improved (ie, once material was acquired, it adhered to the tip). the rate of material aspiration was faster compared with previous tips, despite the greater nuclear hardness, and seemed similar to that previously observed in softer cataracts. overall, the characteristics of the newer nanolaser system permitted a minimal to nonexistent dispersion of thermal and mechanical energy in the anterior chamber during cataract removal (l. Mastropasqua, personal communication; august 2016) . the total amount of energy released within the eye was estimated to be on the order of 8-to 10-fold lower than that required for ultrasound phacoemulsification.
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6 an international study conducted in 12 centers enrolling 1000 consecutive eyes that underwent cataract extraction with the photolysis Q-switched nd:yag laser reported that this technique was a safe and effective alternative for cataract extraction in human eyes.
7 the principal advantages can be seen in the improved clinical results reported in the literature. 2, 3, 6 a randomized prospective clinical trial showed a significantly lower loss of endothelial cells after 24 months in patients who underwent the nanolaser procedure compared with patients who underwent ultrasound phacoemulsification.
3 another study reported significantly lower corneal tissue trauma and endothelial cell loss in patients who underwent an all laser (femtosecond laser and nanolaser) cataract surgery compared with a group that underwent femtosecond laser and ultrasound phacoemulsification.
2 this study also reported reduced corneal edema at both the incision site and at the center of the cornea immediately after surgery and a more rapid return to presurgery thickness in the former group.
2 the underlying physical principle of nanolaser Copyright © 2017 Asia-Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited.
was the only factor to explain these initial findings that should result in a quicker visual recovery. therefore, nanolaser would be the preferred surgery when maximal protection of the corneal endothelium is needed, such as after perforating keratoplasty, after descemet membrane endothelial keratoplasty, and in advanced cornea guttata and Fuchs endothelial dystrophy. a major limitation of this study is that it did not enroll enough patients to evaluate the incidence of complications. additionally, even though the results are statistically significant, a multicenter study that enrolls a larger number of subjects is required to confirm the reported results. a secondary limitation is the short follow-up time. Future studies should range in follow-up from very short to long term. a very short (1 day after surgery) follow-up is required because the major difference reported by patients who have undergone ultrasound phacoemulsification in 1 eye and nanolaser in the second eye is a more rapid recovery of vision after the latter procedure. long-term follow-up should be extended to at least 1 year to evaluate the effects on visual acuity given by the overall reduction of energy emitted within the eye, especially in patients with toric and multifocal lenses. Both short-and long-term studies should also evaluate endothelial cell loss.
in conclusion, harder cataracts should no longer be considered a limitation for the use of nanosecond laser in cataract surgery. Further studies are required to determine if the reduced quantity of energy emitted within eyes during surgery when using a nanolaser system compared with an ultrasound system will effectively improve long-term outcome in harder cataracts.
